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CHAPTER 1 


INTRODUCTION 


• The conventional analog compiter is limited in 
capability in that it can integrate its input signals only 
with respect to the independent variable that is time. The 
generalised integrator, which is discussed in the sections 
that follow is capable of integrating a function with respect 
to yet another function of time. The unit is a hybrid analogue- 
digital device and uses delta modulation techniques. It is 
particularly useful in function generation and can handle 
signal frequencies upto 100 c/s within l/> error. ^Theoretical 
and practical work on this unit was earlier reported in 

T\ 

literature by Paul and Gatland (Ref. 1)4 

\3-® ie scheme of this report is as follows. In Chapter 2, 
the realisation is discussed. Chapter 3 gives circuit details. 
Analysis is done in Chapter 4- Chapter 5 is devoted to applica- 
tions. In Chapter 6 the modified version of the integrator is 
discussed and concluding remarks are put in Chapter 7 



CHAPTER 2 


REAIIZITION of the generalised integrator 


2.1. Basic System ; 

Bet y(t) and. x(t) Be the two separate functions of time. The 

t 

objective is to generate the function j y(t) d x(t). A method of 

o 

realizing the above integral i s as follows. 


/ y(t) =* / y(t) 


Mil . dt 


dt 


( 1 ) 


Tho identify (l) decides the units that will have to be employed 
to get the desired result. 

It is necessary to have a block that will differentiate the 
function x(t) with respect to time. 


A multiplier will be needed to obtain the product y(t). 


M il 


dt 


And finally a conventional integrator will have to be used which 
wall integrate the above product with respect to time. 


x(t) 


Thus the block diagram shown in Fig.1 is appropriate. 

Fig. 1 




: Mil - 

dt 


y(t)dx(t) 


■ Differen- 

Multiplier 

‘ dt 1 

J 

; Integrator' 

; tiator 

i 


r i 

l , , ..... i 

■i 





j y(t)dx( t) 




3 


The system, therefore, has three nain units. These are described 
he low. 

2 .2 . Differen tiator ; 

- A differentiator which is based on active R-C networks 
suffers from the disadvantage that the gain increases with the 
increase in frequency and hence the immunity to high frequency 
noise is low. Hence a different method is employed to effect 
diff orentiation . 

The method that is discussed below is due to Paul and Gat land. 
Sec reference 1. 

The variable x(t) is sampled and quantised in such a way that 

it is measured in discrete amplitude steps jx = + q at discrete 

time intervals separated by $t = T , where l/T is the sampling 

c c 

rate and q is the constant quantisation level. The variable x(t) 
should, therefore, vary in such a way that its maximum rate of change 
is less than one quantum in time T Q . In other words, 



If the above equation is satisfied g x may be expressed in the form 

6 x = q u 

where u is a train of impulses occuring at discrete time intervals 
T Q , having a unit magnitude and a positive or negative sign 
according to the time rate of change. 


4 


Thus 


iS 


8 


( f ) 


a u 

x 


?;lierc a = 


a 



Tho output of the actual quantiser, as shown in Fig. 2, will 
contain a scaling constant to suit circuit conditions. 


x(tX > - — 

whore K = a 



0 K if -V u * 
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Fig. 2 


2.3. M ultiplier and the associated integrator 

Multiplication of the analog signal y(t) and the signal Ku^. 
(which is represented by the edges of the delta pulses shown in Fig. 2 ) 
is done in the following way. Positive values of the analog signal are 
transmitted to the output as long as tho sign of the delta pulses remains 




ng. 5 





6 


positive. As soon as the next delta pulse changes sign negative 
veJu.es of the analog signal y(t) 

me transmitted to the output and this is continued until tho next 
delta, pulse changes sign again where upon again positive values of the 
signal y(t) are transmitted to the output and so on. This is illustrated 
in Fig. 5« 

Integrator s This is a conventional analogue integrator the circuit of 
which is described in Section 3 . 4 . There is also a provision for 
applying the initial condition voltage to this integrator. The circuit 
details for this are given in Section 3*5 • 

2 .4 . Symbol for the generalised integrator 

The three main units of the integrator oan be incorporated in a 
symbolic notation so that the applications where various such integrators 
arc used can be easily il-lustrated by the diagram using the symbolic 
notation. 



& 





In the above symbol Q stands for quantiser; M for multiplier and 
I for the integrator associated tdth the multiplier. 

IC is initial-condition voltage 
KL is integrator scale factor. 




CHAPTER 3 


CIRCUIT DIAGRAMS 


5*1. '-nantiser s This unit is based on the block diagram shovm in 
Pig. 4 


Comparator. 

i 

*f* H—n 

—We-, 

■ Gated 




Level 


. — 

Diode 



■ Bistable 

! 

— ?rr* * — 1 


Shifters 


Bridge 

. 


Clock 


Pig. 4 



This is essentially a feedback control system in which the correspondence 
between the input and the integrator output is maintained. Consider 

a situation when the integrator output voltage is greater than the input 
voltage V . Under this condition the outputs of the comparator, the 
bistable and the level shifters are at one of the two possible levels. 

The level of the final level- shifter is such that it causes, via diode 
bridge, the output of the integrator to linearly decrease >thus approaching 
the v, ,lue of V . As soon as the output crosses the value of V the 
comparator output will change. The flip-flop will also change state at 
the next clock edge. The states of the succeeding stages will change 
so that the integrator output will start increasing linearly and will 
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approach. V again. 

JC. 

In other words the output will he a triangular approxi- 
mation of the inpit waveform. The rate at which the integrator 
output increases or decreases corresponds to the term q/T c °^ 
equation ( 3 ). 

And the output pulses of the flip-flop and level shifters 
represent, the term dx/dt. It is important to note that the 
output waveform (V. ) of the level shifters, shown in figure 5, 

U 

as also the output waveform of ihe flip-flop, corresponds to the 
wavefoim shewn in fig. 3(h). And since this is the waveform 
required for multiplication of y(t) and the tern dx/dt , it is 
not necessary to generate the pulses shown in fig. 3(a). 
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3.2. Circuit details in the quantiser % - 

The actual circuitry used is shown "below. 


+ 12 V 



Fig. 6 
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For reasons explained in section 4*2 the clock frequency is 
chosen to he 100 Kc/s, ind the fastest rate, at which the comparator ' 
output will have to change, will he close to this. The SSD 710C Comparator 
that is used easily accommodates this rate. The flip-flop EC77 3 is used 
in the I) -mode and thus represents the gated hi stable of the block diagram 
shown in fig. 4 • The transistors and do the job of level shifting. 
The diodes and clamp the levels to + .6 volts which are appropriate 
for controlling the diode bridge. The Op-imp 741 is used in the usual 
integrating mode. The term q/T of the equation ( 3 ) corresponds to l/C 
in the above circuit, where c is the integrating capacitor (iji ?) and 
I is the current switched by the diode bridge. By keeping the circuit 
in the open-loop mode (i.e. grounding the negative terminal of the 
comparator and breaking the feedback connection) the positive and 
negative slopes were adjusted to be equal by using the IK trimpots shown . 
The slope was adjusted to be 3125 Volts/second. The factors deciding 
the choice of the slope are discussed in the section 4*1* 

Since the comparator used (SSD 7 can not handle h input 
signals- of more than + 5 "Volts, this is the maximum amplitude of V that 
can be fed to the quantiser. 

3.3. Circuit for the clock 

The usual astable multivibrator is used for generating the 


clock pulses. 



0 +5 folts 


12 



iKn 


Cli JCO 


The levels Tor the clock are c?ioscn such that they are compatible 
with the TTL flip-flop that is used in conjunction with the clock. 


5 4 . Circuit diagram for the multiplier and the asso c iated integrator 

The circuit shown in Fig. R accomplishes the function of multi- 
plication as well as the integration. The transistors T^, T^ f T^ and 
act ns level Shifters to obtain the proper levels for operating the 
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PETS, and F^. The source point of "both the PETS is connected to 
the inverting terminal of the integrating OP-JMP 0^ . Hence this 
point is virtual earth. Thus when T^ is in saturation the gate-source 
voltage of P^ i» -.3 volts and P^ is OP. When T^ is off gate source 
voltage is -12 vo|fcs and the PET P^ is OPP . Similar argument applies 
for Tj and P ? . 


The Op-JMP 0^ acts as a buffer for the input voltage Yy • fhe 
OP-iTIP Og is connected to invert Y, . "When Pj_ is ON the current of the 
value Vy/P^ is forced into the integrator 0^. Jnd when P^ is ON the 
current of the value - Yy/R^ 4s switched into the integrato r. In 
this connection it is important to note that the level shifting invertor 
are appropriate in number so that + Y^/r^ current is switched into 


the integrator when the waveform/. of fig. 5? which represents 
positive and the current -Y /R is switched when Y. is -ve. 


cfac 

clt ’ 


xs 


In fig. 8 the OP-JMP Oy used as integrator, is shorn connected 
such that it is permanently in the operate mode. However, as was 
mentioned in section 2.3* it is necessary to make provisions for 
applying the initial condition. This is discussed in the following 
section. 


3.5 . The IG and COMPUTE modes of the integrator . 

These two modes are illustrated in the fig. 9* 

The integrator is in the •compute mode when the switch is on 
C and Sg is open, Jnd it is in the initial condition mode when the 



f 
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switch S 1 is on I.C. and S g is closed. 

In many cases it is necessary to apply blio initial condition 
anc 1 to compute alternately . Repetitive operation is then required •> 
In analog computers the initial condition is provided at the time 
t = Oj since the integration is v ith respect to time. Bet in many 
applications of the generalised integrator it is nice ssaxy to apply 
the initial condition at V x = 0. The system shown in Pig. 10 per Co ms 
this operation. 


X .0 , 

Voltage 


R 


6 




I.C . 
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- / \a/' v — o '- 1 

S r 


>- 


From the point 
F of Fig. 0. 


Fig. 9 



Pie. 10 
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The OP-fME 0. is used as a "buffer for the signal V . Hie OP-isMP 

I 'X 

Og is . user] as a zero crossing detector. The two I.G. chip-flip flops 
(EU773) give a count of 1 6. The transistors T^ , T^, T^ and T^ arc used 
for operating the PETS P^,F^ ^5* -® 112 ff a i es °f ^ and F,_ are 

connected together and therefore they will "both be OPE for compute 
period and he ON for initial condition period. The initial condition 
vo It ago can he set hy the potentiometer 'P 1 of fig. 10. 

It is to he noted that the compute time corresponds to 8 cycles 
end the time for setting of the initial condition also corresponds to 
8 cycles. 

is discussed in Section 5«2 the maximum frequency of the signal 
is limited to 1 00 c/s. Thus 8 cycles will have a minimum time of 
00 in sees. How for the initial condition mode the effective time 
constant is (if C = .15 hp) 1.5 m secs. Thus 80 m socs is sufficient 
for the capacitor to acquire new required voltage at the end of initial 


condition time. 



CHAPTER 4 


INTEGRATOR EQUATIONS 


4 * 1 • The Scaling Factor? 

The purpose of analysis that is done in this section is 
to oh bain an expression for the integrator constant (mentioned in the 
Section 2./’,) in terms of the time constants associated with. the 
quantiser integrator and the integrator used in the multiplier. 

With reference to the quantiser unit (Pig .6), the output of 
the integrator 0^ is given hy 

~ Y x = / c * |vj| dt ( 4 


where I in the current snitched hy the diode bridge and G is the 

y 

in Ingrafting capacitor that is shown in Pig, 6, 3 

TO 

function having a unit magnitude and a sign corresponding to the sign 


is the swindlin'. 


of the waveform V. shorn in Pig. 5. 

J 

Equation ( 4 ) can he rewritten as 


or 


dV 

x 

dt 


I 

C 


In 


V. 

-1 




( 5 > 
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iincl with reference to the circuit of the multiplier and the 
associated integrator (Fig.s), the voltage output V z may he expressed 


1 r T j 

V = - ~ f , — V clt 

z T ' V. y 

m I jl J 


From the equations (5) and (6), 


p - dV 

V„ « ■ ll . “ .dt 

I.3L y dt 


m 


or 


V = — f V dV 

z I .T J y x 
m 17 


or 


T = K. / V d V , 
z 1 y x 


if 


K. « 

1 


I.T 


m 


(6' 


( 7 ) 


IC is called the integrating factor and can he changed hy changing 
any of the three factors i.e. 1,0 and T . Thus scaling can he done 
at will hy varying the above factors. 

It should he noted, however, that the ratio i/c has also bo 

he adjusted such that the equation (2) is satisfied. 

f 
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4 »2 . Choice of clock frequency 

The sampling frequency must be chosen so that the 
modulation signal K u„ , representing a voltage dV / dt, 
contains all the frequency components of -the latter having an 
amplitude exceeding the maximum tolerable error, expressed as 
a percentage of full scale amplitude. The signal Ku^ may be 
expressed as 

00 w t 00 

K u x = l \ sin( + 4> n ) + l X Sin(m w Q t + <j> m ) 

n=1 m=2 

where w is the angular frequency of the clock sampler, 
and b^ arc constants and 4> n and X SJCe phase shifts. The 
first term in the above equation contains the signal and the 
second term represents the noise generated in the delta 
modulation process. Since the carrier can not accommodate any 
signal of frequency exceeding one half of its own, i.e. w c / 2, 
the latter i s therefore the maximum possible significant 
sign a] frequency. 

The required sampling frequency depends on the frequency 
content of the analog signal. The most severe case with which 
the quantise v must contend is that of an input V which is a 
triangular ways with a rate of change equal to that of the 
maximum possible rate of increase of voltage of the quantiser, 
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i.o. I/C. This waveform is shown in Fig. 10,* together with 
its derivative dV _J dt. 



Fig. ( 10)* 
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The dV/dt waveform will, to a high, degree of approximation, 
he identical in form to that of the switching waveform . 

The Fourier series expansion of the function dV dt, 
hut normalised to have a maximum amplitude V hy multiplying 
hy the scale factor T /4, is 


T av 
o x 

4 at 


nsc m 

l cos(2n-l)w o t 


n=i 


2ff 

where w q = — and n is an integer. 
x o 

Now the highest significant frequency in the waveform, 
represented hy the above equation, is defined as that frequency 
component which has the amplitude equal to the quantisation 
level q. 

fhus if rth harmonic is considered to he the highest 
significant frequency, its amplitude is given hy 


or 


41 

r it 

4V 

nr 


- q 

- NV 


where N is the discrimination accuracy defined as N = q/v. 

The clock frequency must, therefore, he twice the 
frequency corresponding to the rth harmonic of i.e. 

(1> 


8w. 


w 


o 

Nit * 
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As stated, ~ represents the maximum possible 
rate of change of the quantiser output voltage i.e. i/C « 
Thus, if is the maxi mum angular frequency that can be 
accommodated when V = V sin w t, 

jC 


w V 
m 


41 


or 


y V 
m 


2w V 
o 

IT 


( 2 )* 


Prom equation (l)* and (2)* 


w > — E 

0 - I 


Thus if N = 10" 3 , i.e. .1$ accuracy and if f Q = 100 kc/s, 


where w c = 2^ f Q , 


f m - 25 c/s 


Howeve 


f can be increased at the expense of accuracy. If 


m 


now N = 10 


-2 


f m = 250 c/s . 





CHAPTER 5 
APPH CATIONS 


5 • 1 • Generation of functions by integration techniques 

Generation of functions of variables which are themselves function, 
of bime is an important application- of this integrator. In conventional 
analog computers such functions are generated by methods which are expens 
.and are difficult to set up. Some examples of generation of functions oj 
the generalised integrator are described in the sections that follow* 

lex 

5-2. G eneration of exponential function me : 

The function y(t) = me^^ can be generated in the integrator 
by bho following method. 

The above equation can be rewritten using the computer voltage 
variables. That is 

KV 

V y - m e X (5.1) 

where V is the computer voltage that represents the analog variable y(t) 

y 

and V, in tho voltage that repr^ sents the analog variable x(t). 

X 

Prom the equation (5.l) 


dV 


y 


KV 


dV_ 


= Em e 


or 


dV 


y 


dV_ 


= KV_ 


y 
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and hence 


y 


K /V dY 
' y x 


with initial condition for Y = m when Y = 0. Thus if K = K , 

7 x i J 

v/horc Ki is given hy equation (s), the following arrangement can ho used- 



Fig. 11 


As an example, Y ■= Y Sin wt. 'Then 

3L 


IC Y Sin wt 

V y - m e (5.2 n 

How K = (Yolts)" 1 

i/C is the rate at which the voltage output of the integrator (used 
in the quantiser) is changing. This is chosen in the following way. 
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I/C must "be greater than the maximum rate at which Y is changing 
And thin rate is wV. 
if v = 2 it. 100 a/s, 

then wY = 2 ir . 1 00 .4 = 800 Yolts/sec., 

for V = 4 Yolfc s. 

So, for the circuit to work,l/C must he greater than 800 Y/sec. 

It is menbioned in Section 5»2 that i/C is adjusted to he 5125 Yolts/sec. 

As this is more than wV (8 00 Yolts/sec.), the operation will he 
sati sf ac bory . 

Actually the rate i/c can he increased to accommodate larger 

signal frequencies. However this m 11 reduce the value If and hence 

the output voltage will he attenuated more. (See equation 5-2). 

The amplitude can also he controlled hy the factor T which is 

tlio time constant associated with the integrator used in the multiplier 

unib. 'Jhe reduction in T will increase the amplitude. 

How T is R . C (See fig. 8). As can he 

seen from the fig. ft, controls the current fed into the OP -MP 0^, 

Hence this can not he arbitrarily reduced. Also R^ has to he large enough 

to swamp the resistances of the PETS so that a definite accuracy is 

obtained. The reduction in the value of G will also cause an increase in 

m 

the amplitude of the output voltage. Still, a higher value of C Till 
mean hotter filtering of the switching components. 

Tims, with i/C = 5125 Yolts/sec. 


\ = 10 KH 

C m “ #15 yF * 
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Fig. 12 
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^il* K2g pjre the integrator constants as defined "by the equation (8). 
Now, V » can he 'written as 

Y, ' = K. , / Y » dV . 
y il y x 

But ? " = - A Y , 

y y 

Therefore, 


V ' 

y 


- AK. , / V d V 
i 1 J ' cr 


y 


Also 


V is given hy 

v 


Hence 


Y = K.Jy' d? 
y i2 y x 


or 


Y = -AK. I./ (/ Y d Y ) a V 

y 11 i2 y x X 


(37 y 
av ~ 

x 


A K. K. 0 / Y d Y 
xl x2 y x 


or 


d\ 


dV 


A K. 2 Y y 


And the solution to the equation (5*5) is 


(5.3) 


Y 


P Cos ^ A K ±1 K i2 


Y 

x 


with the initial condition, 


Y » P at V = 0 . 
y x 


Also 


av. 


y 


av 


P ^ AK K 
x iiA i1 n i2 


Sin 


A K. ,K. _ 
il i2 


V 


( 54 ) 
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With the initial condition 

sr - o - \ - °- 

is an example consider a case when V is a triangular wave 

x 

such that, 

V = Kb for 0 < t < T/ 2 

whore T/2 is half the period of the triangular wave, 
fhen, for the time between 0 and t/2, 

V = P Cos ’ / Tk~ K.~ Kt 
y i1 i2 

‘fhen w = / A^JT 2 . K . 

Now if K = 400 Volts/ sec , 
iiiid 4 = 1, = K i2 = 1/4.687 

Vir = 4.OO/4 .687 r/ sec . 
or f = 13.6 c/s. 



CHAPTER 6 


MODIFIED VERSIOII OR IBS CEMERAIISED INTEGRATOR 


6.1. Modified. Quantiser : 

'Hie quantiser .unit can be modified so that the delta pulses 
represent the signal V itself rather than its time derivative. The 

Jt 

modified block diagram of the quantiser unit is shown in Fig. 13. 



The feedback -action in the circuit of fig. 13 is similar to that 
described in connection with ihe fig. 4 . Here the difference is 
that one point of the comparator input is grounded (This is the same 
point y/herc V is connected in fig. 4 so that the feedback action 
is not disturbed.) So the output of the integrator will now he a 
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approximation of the zero level. Also since Y is now 

X 

cor roc bod to the summing point of the integrator the output is 

contrihutod to by V as well as the delta pulses. However the sum 

x 

of the component provided by and the component provided by the 
delta pulses after integration is required to be aero. Therefore* 


Tc ! \ it + lh Ty I ■ 0 ' (6.1) 

I 11 

V. 

I, nc before, is the current svdtchod "by the diode "bridge. Also .=Ur 

in 1 d * 

ban the some interpretation as given/ section 4 • 1 • 

The Resistance ’ll’ is connected from V to the summing point of the 

integrator. 

Tile equation (6.l) can be rewritten as 


or 




Y. 



Y 

x 

IR 


( 6 . 2 ) 


So |Trr j wliich is the switching function associated with -file 
delta pulses, directly represents Y instead of dY /dt as was the 

X X 

case "in the original quantiser. 


6.2. Output Voltage in the modified integrator 

The multiplier unit in the modified integrator is unchanged. 
Hence, using the same symbols that were used in Section 4.1j 


l.l.T. \'f NFlj 
CENTRAL li^H 

No. / 3(1 


32 


1 v - 
Tl '| VJ 


m 


And urd'-ig equation 6.2, 


T » ‘ yb. K \ « 


( 6 . 3 ) 


or 


v = k /v v at 

Z m J x y 


whore 


K 


1 


m 


I.R.T 


m 


(6.4) 


6 • 3 • Hho modified integrator used as a multiplier of two analog signs-- 1 

If the modified, integrator is further modified by employing a 
feedback in the integrator that is associated with the multiplier unit 
and the time constants are properly ad justed -then, it can be used as a 
multiplier of two analog signals. This is shown in Fig. 14. 



....vV 


^v\V 

dp 

M i- 
r'S. 




4 


7tr 


Fig. 14 
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Xt c;,in bo seen that the normal integrator 0^ of fig. 8 is modified 
by connecting a feedback resistor across G. Such an integrator has 
the Bo do plot which is shown in Pig. 15 . 



It can ho seen that the break point occurs at w 


1 


Ther efo re 


■i ~ v * 

if and C are chosen such that w is much more than the signal 

frequency then the integrator 0^ of Pig. 14 is simply acting as a 
filter to reduce the switching component in the multiplied signal. 
Hence the output will represent multiplication of the two signals V 
and V. within a scale factor. 

Since the OP-ifflP 0^ of Pig. 14 is now acting as a simple 
amplifier for the signal frequencies the output voltage can he written 
as 

*F 1 


T Z = 


a 


m 


T _ V . V 
I .H x y 


( 6 . 5 ) 


I and H are explained in connection with equation (6.1 ). 
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A;; an example, consider 

V x = V y = 4 Sin 2 tt . 30 t. 

Since the signal frequency is 30 c/ s, the OP-AMP C 1 of Pig. 14 
will cot ac an amplifier when the breakpoint shown in Pig. 15 is 

more than JG o/s. The break point at J>00 c/s will be satisfactory. 

Thus if Bp =4QK0 to put the d.c. gain at 4 (since = -] CKr2 ) ? 

0 is given by the following equation. 

500 = T 

2 n x 4° X lO J x c 

or 0 e ,C4 v P 

And C = ,05y-.P will also do the job as it will keep the fir fit 
brook point much above $0 c/s. 

If R - 5 K-0 

I = v, 

V *» 4.26 Volts. 

max 

and 

V » 4.26 sin 2 2 rr. 30t. 
z 
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6 • /y¥ ' j4U.tii>3 1cce used for generating polynomials . 

2 

A pcdynomial in x(t), given by y = a Q + a^x + a x +. . 
can "bo easily generated as shorn in the fig. 15*. 



In Pig. 15*, the modified integrator is used in the feedback mode 
so that it operates like a multiplier. The constant of such a 

Hr. 

multiplier is given by ~ x 1 ~^~ (see equation 6. 5). This can 
be adjusted to a^. A^ is an amplifier with a gain a^ and ^ is an 
adder. By adjusting the constants a , a y etc., Hermite 

polynomial of any degree can also be generated. 
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^ *4 * ,Osci llr.tor with Voltag e Cont rol of Frequency 


With reference to Pig. 12, if quantiser units of both the 
integrators ore operated in the modified mode then a voltage controlled 
ooci Llator is obtained. This is explained below. 


I.C. = P 



Y 

y 


Pig. IT 

K 1 end Kg are the constants given by the equation (6.4). 

Now, referring to Pig . 17 j 

V = “ A V y (6.6) 

and y - £ 1 /y Y x dt 


(6.7) 




57 


Prom equations (6.6) and ( 6 . 7 ), 


v ■ -Vv* 4t 

(6.8) 

ai -" -yiv 7 ,** 

( 6 . 9 ) 


Prom Motions ( 6 .fl) and ( 6 . 9 ) 


V = K 0 / ( -M. /Y Y dt) Y dt. 
y 2 J v 1 J y x ' x * 


Therefore 


<iV„ 


dt 


or 


iK,K_ V h V dt 
1 2 x y x 


d 2 V 


/ - - 4K,K„ V Y 


dt 


12 


( 6 .<< 


TKi nutation to the equation (6.10) is 


v = p cos y jm rf . t 

y x * 1 2 

when 7^ » P at t => 0. 

Thu 3 the circuit oscillates at a frequency which is directly 
proportional to V . 

As an example if = K,, = K and K is given hy equation ( 6 . 4 ). 

If R =? 10KC 

m 

C - 1 W 
I - 3 mA 


E o 5 KP 



30 


If A » 9 


Mid 


100 

15 


__1 _ 

7 -Sec. 


w = 


5£2 

15 x 


12 v 

7T X 


rad./sGC. 
of So 


\ 



CHAPTER 7 

COUCIHDIHG REMARKS 


7*1. Pane l description : - 

The paael diagram is shorn in the fig. 18. The terminals 
for connecting C, R, C m and R f are brought out as the values of 

these mqy have to he different in different applications for proper 

\ 

scaling. 

The switch labeled V__ is used for connecting V to earth 
(required for adjusting the slopes in the quantiser) or to I* (when 
the quontisor functions). Tho potentiometer labeled 1.0. sets the 
desired initial condition voltage. This is calibrated. 

The Bandswitch B-S.1. is used fox~putting the integrator 
in initial condition or compute or in the REP -OP mode. The band- 
switch B.S.2 is used for operating the integrator cither in the 
Formal or the modified mode. Tho terminals for Op-Amps.O^ and 0^ 
ore brought out so that they can be used in the appropriate 
fashion for different applications. 

7 .2 . Other Applications; 

In its role as an analogue -digital convertor, the modified 
quantiser may be used to convert an analog" signal into delta pulse 
form, which may be stored in a conventional shift register. This 
arrangement provides the facility of a function store. 




B = S.2 
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Function storage may bo used for the iterative solution 
of integral, equations and certain foms of partial differential 

oquati ns. 

7*3” Results: - 

Fig. 19 shows the results from -the circuit which was set 
2 

up for generating x from x. The method for this is discussed 
in section 6 . 3 *. 'Fhc plot which was obtained by ua ng a strip-chart 
rec ‘Tiler, shows the input V =>4 sin 2 tt ( . 05 ) t and the output 
V z « K ja ifisin 2 2 tt (. 05 )t, 

where K r;i is tho soaling constant and is given by 

R f _1_ 

\ I * R 

Bio various element values were set as follows. 


ilp = 10K R f = ICE fl(.1?S) 

(•¥) 

It = 2K (.1$) 

Also, since I/O = 3570 v/sec. and 0 = 1 pF ( %) 

I « 3 . 57mA. 

K m - 1/7.14 (Volts) -1 

So tho output V z should be 

V„ = 2.28 sin 2 2 1T ( . 05 )t . 

Z* 
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No.; f r thu strip-chart recorder the scales were set as follows. 

Chart Speed = 1mm/ sec . 

Vertical scale of V = .2V/mm. 

Vertical scnleof KV 2 - .05V/mn. 

So the recorded plot is 

V z = 2.2 sin 2 2 ir(.05)t. 

An error of slightly less than 5 Fig* 20 shows the 
plot for x 5 . Here the voltage V^. « 4 sin 2 Tr(.C5)t in multiplied 
*ith 

V = 2.2 sin 2 2 »(.05)t 

y 

So the output should he 

V = K V V = K 8.8 sin 5 2* (.05)t 
z m x y m 

V And 1^, in this case was adjusted to he l/5-8 (Volts) . 

S °' v z = 1.51 sin 5 2 n (.05)t. 

In this case scales were set as follows. 

Chart speed => lom/sec. 

Vertical scale for V^= ,2V/mn. 

Vertical scale of V g = .iv/mm. 

So from the plot 

V z « 1#j> sin 5 2*(.05)t. 



In the use of the generalised integrator a problem faced 
is that the OP-AMP 0^ of fig. 8 gradually goes into saturation 
after the integration is started. This may be because of 
asymmetry in the FET~s amp ling-circuit that is employed in the 
multiplier portion of the generalised integrator. Use of tracking 
PETs is suggested to remedy this defect. .Another possible cause 
is the drift in the integrator. This can be offset by the addition 
of an appropriate amount of . D. C. voltage to the integrator. 
This voltage, however, will have to be adjusted from time to time. 
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